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EXHAUST GAS PURIFICATION DEVICE OF INTERNAL COMBUSTION 
ENGINE AND METHOD THEREFORE 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-221638 
5 filed on July 30, 2002, including its specification, drawings and abstract, is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The invention relates to an exhaust gas purification device and 
10 method of an internal combustion engine and, more particularly, to an exhaust gas 
purification device of an internal combustion engine capable of curbing degradation 
of emissions even when the output of the engine increases during a catalyst warm-up. 

2. Description of the Related Art 

[0003] In internal combustion engines that use gasoline or the like as a 
15 fuel, a catalyst (e.g., a three-way catalyst, a nitrogen oxides storage-reduction catalyst, 
a catalyst having an oxidizing function, etc.) is disposed in an engine exhaust system 
so as to remove nitrogen oxides, hydrocarbons and carbon monoxide from exhaust 
gas. 

[0004] In order to reduce nitrogen oxides and oxidize hydrocarbons and 
20 carbon monoxide on such a catalyst, it is necessary to keep the amount of oxygen 

stored in the catalyst at about half the limit amount of oxygen storage and control the 
air-fuel ratio of exhaust gas discharged from the internal combustion engine within a 
window around or near a stoichiometric air-fuel ratio. 

[0005] Therefore, in order to control the exhaust gas air-fuel ratio at the 
25 stoichiometric air-fuel ratio, an air-fuel ratio sensor (an 0 2 sensor or an A/F sensor) 

for detecting the air-fuel ratio of exhaust gas that is disposed at an inlet to the catalyst. 
Then, an air-fuel ratio feedback control for controlling the amount of fuel supplied to 
the engine on the basis of the output from the sensor is performed. 

[0006] However, the catalyst is unable to normally perform its function 
30 unless the air-fuel ratio has been activated and the catalyst warm-up has been 

completed. Therefore, until the activation of the sensor and the warm-up of the 
catalyst are completed after a startup of the engine, the air-fuel ratio feedback control 
is prohibited and the warm-up of the catalyst is accelerated by dedicated measures. 
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[0007] In a conventionally employed procedure for accelerating the warm- 
up of a catalyst, injection of a secondary air into the exhaust pipe of the engine 
(hereinafter, referred to as "AI") is performed to increase the oxygen concentration in 
the exhaust gas and therefore accelerate oxidative reactions on the catalyst. The 
5 reaction heat thus produced accelerates the warm-up of the catalyst. 

[0008] However, the catalyst warm-up cannot be immediately achieved, 
because a certain amount of time is needed before completion of the warm-up. 

[0009] Therefore, in a situation immediately following a start of the AI 
operation where the catalyst warm-up has not sufficiently progressed and there is no 
10 effective performance of exhaust gas purification, it is required that the AI be 

continued in order to accelerate the catalyst warm-up even if the amount of exhaust 
gas increases due to an increased output of the engine when the vehicle is initially 
driven or the like. 

[0010] However, in a situation where a considerable amount of time has 
15 elapsed following a start of the AI and the catalyst has partially acquired an exhaust 
gas purification capability, it is desirable that the AI be stopped to actively improve 
the quality of emissions if the amount of exhaust gas increases due to an increased 
engine output. 

20 SUMMARY OF THE INVENTION 

[0011] It is an object of the invention to provide an exhaust gas 
purification device of an engine capable of curbing degradation of emissions during a 
catalyst warm-up based on the AI operation by stopping the AI in accordance with the 
degree of catalyst warm-up if the output of the engine increases during the catalyst 

25 warm-up. 

[0012] An exhaust gas purification device of an engine in accordance with 
a first aspect of the invention includes: a catalyst disposed in an exhaust gas pipe of 
the engine for purification of an exhaust gas; a secondary air injection device for 
injecting a secondary air into the exhaust gas pipe upstream of the catalyst so as to 
30 accelerate a warm-up of the catalyst at a time of a startup of the engine; a controller 
that: detects a degree of the warm-up of the catalyst with a warm up detection 
device; calculates a criterion output based on the degree of the warm-up detected by 
the warm-up detection device; detects an output of the engine with the output 
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detection device; and stops injection of the secondary air with an injection stop device 
provided that: the degree of the warm-up detected by the warm-up detection device 
is greater than or equal to a predetermined criterion degree of the warm-up; and that 
the output of the engine detected by the output detection device is greater than or 
5 equal to the criterion output calculated by the controller. 

[0013] According to the above-described construction, if the output of the 
engine becomes greater than or equal to a predetermined output during the secondary 
air injection (AI) operation, the AI is stopped provided that the warm-up of the 
catalyst has progressed to a certain degree. 

10 [0014] In the above-described construction, the warm-up detection device 

may detect an accumulated value of an amount of flow of a primary air taken into the 
engine after the startup of the engine. Therefore, the degree of warm-up of the 
catalyst can be determined on the basis of the accumulated value of amount of intake 
air following the engine startup. 

15 [0015] In the foregoing construction, the output detection device may 

detect the output of the engine based on a degree of opening of a throttle valve. 
Therefore, the engine output can be detected on the basis of the degree of opening of 
the throttle valve. 

[0016] In the foregoing construction, the output detection device may 
20 detect the output of the engine based on an amount of intake air taken into the engine. 
Therefore, the output of the engine can be detected on the basis of the amount of 
intake air. 

[0017] The exhaust gas purification device may further include a cooling 
water temperature detection device for detecting a temperature of a cooling water of 

25 the engine, wherein the controller corrects the criterion output and the criterion degree 
of the warm-up based on the temperature of the cooling water detected by the cooling 
water temperature detection device. Therefore, the criterion output and the criterion 
degree of the warm-up can be corrected on the basis of the cooling water temperature. 
[0018] It is another object of the invention to provide a method for 

30 purifying an exhaust gas for an engine. This method includes: purifying the exhaust 
gas with a catalyst disposed in an exhaust gas pipe of the engine; injecting a 
secondary air into the exhaust gas pipe so as to accelerate a warm-up of the catalyst. 
A criterion output is calculated based on the degree of the warm-up detected, and an 
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output of the engine is further detected. Injection of the secondary air is stopped 
such that the degree of the warm-up detected is greater than or equal to a 
predetermined criterion degree of the warm-up, and such that the output of the engine 
detected is greater than or equal to the criterion output calculated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The foregoing and further objects, features and advantages of the 
invention will become apparent from the following description of the preferred 
embodiments with reference to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 

[0020] FIG. 1 is a diagram illustrating a construction of an exhaust gas 
purification device in accordance with an exemplary embodiment of the invention; 

[0021] FIG. 2 is an illustration of a construction of an ECU; 

[0022] FIG. 3 is a flowchart illustrating an AI main routine; 

[0023] FIG. 4 is a flowchart illustrating a during-AI control routine; 

[0024] FIG. 5 is a graph indicating a criterion output; 

[0025] FIG. 6 is a flowchart illustrating an AI starting routine; 

[0026] FIG. 7 is a flowchart illustrating an AI stopping routine; and 

[0027] FIG. 8 is a flowchart illustrating a fuel injection routine. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0028] FIG. 1 is a diagram illustrating a construction of an exhaust gas 
purification device in accordance with an exemplary embodiment of the invention. 
In this construction, an internal combustion engine 10 is supplied with air from an 
intake system 1 1 . 

[0029] The intake system 1 1 includes an air filter 111 (having a built-in air 
flow meter 1110), an intake pipe 1 12, a throttle valve 113 disposed in the intake pipe 
1 12, an intake manifold 1 14, intake branch pipes 115, etc. Each intake branch pipe 
1 15 is provided with a fuel injection valve 12 for injecting fuel into the intake air. 

[0030] Exhaust gas from the internal combustion engine 10 is discharged 
out of a vehicle via an exhaust system 13. The exhaust system 13 includes exhaust 
branch pipes 131, an exhaust manifold 132, an exhaust pipe 133, and a catalyst 134. 
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An air-fuel ratio sensor 135 is disposed upstream of the catalyst 134. Another air- 
fuel ratio sensor 136 may be disposed downstream of the catalyst 134. 

[0031] An exhaust gas temperature sensor 137 for detecting the 
temperature of exhaust gas let out of the catalyst is disposed at a downstream side of 
5 the catalyst 134. 

[0032] An AI system 14 includes a secondary air filter 141, an electrically 
driven air pump 142 driven by a motor M, an air switching valve 143, a secondary air 
piping 144, secondary air injection pipes 145, etc. 

[0033] The secondary air injection pipes 145 are connected to the exhaust 
10 branch pipes 131. The secondary air taken in via the secondary air filter 141 is 
injected into the exhaust branch pipes 131. 

[0034] The air switching valve 143 is an actuator that controls the supply 
of secondary air, and is connected to the intake pipe 112 via a solenoid valve 146. 
The opening and closure of the air switching valve 143 is controlled via the negative 
15 pressure in the intake manifold 1 14. 

[0035] That is, when the solenoid valve 146 is magnetized, negative 
pressure is supplied to the air switching valve 143, so that the air switching valve 143 
is opened so as to inject secondary air into the exhaust branch pipes 131. When the 
magnetization of the solenoid is discontinued, the air switching valve 143 is closed to 
20 discontinue the supply of secondary air. 

[0036] The exhaust gas purification device is controlled by an ECU 15 
that is formed by a microcomputer. 

[0037] In the illustrated embodiment, the controller (the ECU 15) is 
implemented as a programmed general purpose electronic control unit. It will be 
25 appreciated by those skilled in the art that the controller can be implemented using a 
single special purpose integrated circuit (e.g., ASIC) having a main or central 
processor section for overall, system-level control, and separate sections dedicated to 
performing various different specific computations, functions and other processes 
under control of the central processor section. The controller can be a plurality of 
30 separate dedicated or programmable integrated or other electronic circuits, or devices 
(e.g., hardwired electronic or logic circuit such as discrete element circuits, or 
programmable logic devices such as PLDs, PLAs, PALs or the like). The controller 
can be implemented using a suitably programmed general purpose computer, e.g., a 
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microprocessor, microcontroller or other processor device (CPU or MPU), either 
alone or in conjunction with one or more peripheral (e.g., integrated circuit) data and 
signal processing devices. In general, any device or assembly of devices on which a 
finite state machine distributed processing architecture can be used for maximum 
5 data/signal processing capability and speed. 

[0038] FIG. 2 illustrates a construction of the ECU. The ECU 15 is made 
up of a CPU 151, a memory 152, an input interface 153, and an output interface 154 
that are connected to a bus 150. 

[0039] Via the input interface 153, the ECU 15 inputs the oxygen 

10 concentrations in exhaust gas detected by the air-fuel ratio sensors 135, 136, the 

temperature of exhaust gas detected by the exhaust gas temperature sensor 137, the 
amount of intake air detected by the built-in air flow meter 1110, and the temperature 
of cooling water detected by at least one cooling water temperature sensor 1112. 
[0040] Via the output interface 154, the ECU 15 outputs operational 

15 signals to the fuel injection valves 12, the electrically driven air pump 142, and the 
solenoid valve 146. 

[0041] FIG. 3 is a flowchart illustrating an AI main routine executed by 
the ECU 15. In step 30 in the routine, the ECU 15 determines whether the engine 
has just been started up in a cold state. 

20 [0042] If an affirmative determination is made in step 30, that is, if a cold 

engine startup has just been conducted, the ECU 15 determines in step 31 whether an 
AI end flag XAI is "0". It is assumed herein that by an initialization routine (not 
illustrated), the AI end flag XAI has been initialized to "0", which indicates that the 
AI operation has not ended. 

25 [0043] If an affirmative determination is made in step 31, that is, if the AI 

end flag XAI is "0", it is considered that the AI operation has not started, and the 
ECU 15 determines in step 32 whether an AI execution flag XAIs is "0". It is 
assumed herein that by an initialization routine (not illustrated), the AI execution flag 
XAIs has been initialized to "0", which indicates that the AI operation is not being 

30 executed. 

[0044] If an affirmative determination is made in step 32, that is, if the AI 
execution flag XAIs is "0", it is considered that the AI is not being executed, and the 
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ECU 15 determines in step 33 whether a predetermined time (A seconds) has elapsed 

following the engine startup. 

[0045] If an affirmative determination is made in step 33, that is, if the 

time of A seconds has elapsed following the engine startup, the ECU 15 outputs an 
5 Al-on command in step 331 . Subsequently in step 332, the ECU 15 sets the AI 

execution flag XAIs to "1" indicating that the AI is being executed. After that, the 

ECU 15 ends this routine. 

[0046] In the case where a negative determination is made in step 30, that 

is, the present time is not immediately following a cold engine startup, or in the case 
10 where a negative determination is made in step 31, that is, the AI end flag XAI is "1", 

(i.e., the AI has ended), or in the case where a negative determination is made in step 

33 (that is, the time of A seconds has not elapsed following the engine startup), the 

ECU 15 proceeds to step 301, in which an Al-off command is output. After that, the 

ECU 15 ends this routine. 
15 [0047] If a negative determination is made in step 32, that is, if the AI 

execution flag XAIs is "1" indicating that the AI is being executed, the ECU 15 

proceeds to step 34, in which the ECU 1 5 inputs an engine intake air amount 

accumulated value ZGa during the AI operation. 

[0048] The degree of warm-up of the catalyst 1 34 can be determined from 
20 the temperature of the catalyst. However, there exists no appropriate sensor that is 

able to measure temperature in a broad range of normal temperature (during a stop of 

engine) to 1000 degrees (during an activated state) with high reliability. The degree 

of warm-up of the catalyst 134 is considered to have a correlation with the 

accumulated value of amounts of intake air introduced into the internal combustion 
25 engine following the startup of the engine. Therefore, in this embodiment, the 

degree of warm-up of the catalyst 1 34 is estimated from the engine intake air amount 

accumulated value. 

[0049] The engine intake air amount accumulated value ZGa during the AI 
operation can be computed by accumulating the amounts of intake air detected by the 
30 built-in air flow meter 1 1 10 of the air filter 1 1 1 at predetermined time intervals. 

[0050] Subsequently to the input of the engine intake air amount 
accumulated value EGa in step 34, the ECU 15 determines in step 35 whether the 
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engine intake air amount accumulated value EGa during the AI operation is greater 
than a predetermined value B. 

[0051] If an affirmative determination is made in step 35, that is, if the 
engine intake air amount accumulated value EGa is greater than the predetermined 
5 value B, it is considered that the warm-up of the catalyst 134 has been completed, and 
in step 351 the ECU outputs an Al-off command. Subsequently, the ECU 15 sets the 
AI end flag XAI to "1" in step 352, and then ends this routine. 

[0052] Conversely, if a negative determination is made in step 35, that is, 
if the engine intake air amount accumulated value EGa is not greater than the 
10 predetermined value B, it is considered that the warm-up of the catalyst 134 has not 
been completed, and in step 36 the ECU 15 executes a during- AI control routine. 

[0053] FIG. 4 is a flowchart illustrating the during- AI control routine 
executed in step 36 of the AI main routine. In step 360 in the during-AI control 
routine, the ECU 15 inputs a parameter (the throttle valve opening or the amount of 
15 intake flow) that indicates the actual output of the internal combustion engine 10. 

Subsequently in step 361, the ECU 15 computes a criterion output value as a function 
of the intake air amount accumulated value EGa. 

[0054] FIG. 5 is a graph indicating the criterion output, where the 
horizontal axis indicates the intake air amount accumulated value EGa and the vertical 
20 axis indicates the criterion output. 

[0055] When the intake air amount accumulated value is small, that is, 
when the elapsed time following an engine startup is short, there is high possibility 
that the catalyst has not been warmed up, and therefore the criterion output value for 
stopping the AI is set great. Conversely, when the intake air amount accumulated 
25 value is large, that is, when a considerable amount of time has elapsed following an 
engine startup, there is high possibility that the catalyst has been warmed up, and 
therefore the criterion output value for stopping the AI is set small. 

[0056] If the actual engine output is greater than the criterion output (a 
hatched region in FIG. 5), the AI is stopped. If the actual engine output is less than 
30 the criterion output, the AI operation is continued. 

[0057] In step 362, the ECU 15 determines whether the actual output of 
the engine input in step 360 is less than the criterion output value computed in step 
361. 
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[0058] If an affirmative determination is made in step 362, that is, if the 
actual engine output is less than the criterion output value, the ECU 15 outputs the AI- 
on command in step 363, and then ends this routine. 

[0059] Conversely, if a negative determination is made in step 362, that is, 
5 if the actual engine output is greater than or equal to the criterion output value, the 
ECU 15 outputs the Al-off command in step 364, and then ends this routine. 

[0060] FIG. 6 is a flowchart illustrating an AI starting routine executed 
upon output of the Al-on command. In step 60, electric power starts to be supplied 
to an electric motor for driving the electrically driven air pump 142, thereby starting 
10 to operate the electrically driven air pump 142. In step 61, the solenoid valve 146 is 
magnetized to supply negative pressure from the intake manifold 1 14 to the air 
switching valve 143. As a result, atmospheric air is taken in via the secondary air 
filter 141 so that secondary air is injected into the exhaust branch pipes 131 via the 
secondary air piping 144 and the secondary air injection pipes 145. Therefore, the 
15 oxygen concentration in exhaust gas increases, so that the oxidative reactions on the 
catalyst 134 accelerate. Then, heat produced by the oxidative reactions accelerates 
the warm-up of the catalyst 134. 

[0061] FIG. 7 is a flowchart illustrating an AI stopping routine executed 
upon output of the Al-off command. In step 70, the supply of electric power to the 
20 motor for driving the electrically driven air pump 142 is discontinued so as to stop the 
electrically driven air pump 142. In step 71, the solenoid valve 146 is demagnetized 
to stop the supply of negative pressure from the intake manifold 1 14 to the air 
switching valve 143. Therefore, the supply of secondary air to the exhaust branch 
pipes 131 stops. 

25 [0062] FIG. 8 is a flowchart illustrating a fuel injection routine executed 

by the ECU 15 during execution of the AI. The fuel injection routine is executed as 
an interrupt process that is executed at every predetermined rotational angle of a 
crankshaft of the internal combustion engine. 

[0063] In step 80, a basic fuel injection duration TP is calculated as a 
30 function of the intake air amount Q detected by the air flow meter and the revolution 
speed N of the internal combustion engine. Subsequently in step 81, a fuel injection 
duration TAU is calculated as in the following expression: 
TAU <— TP • FAF • Y 
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where FAF represents a feedback correction factor, and is equal to "1.0" 
during the AI operation because during the AI the air-fuel ratio is open-loop 
controlled, and y represents, for example, a correction factor corresponding to the 
amount of increase at the time of engine startup. 
5 [0064] In the foregoing embodiment, the predetermined value B and the 

criterion output calculation graph are uniquely defined. However, since a longer 
time is needed for the warm-up of the catalyst as the cooling water temperature prior 
to the startup of the engine is lower, the predetermined value B and the criterion 
output calculation graph may be changed in accordance with the pre-startup cooling 
10 water temperature. 

[0065] According to the internal combustion engine exhaust gas 
purification device of the embodiment, if the engine output increases during the 
injection of secondary air, degradation of emissions can be curbed by stopping the 
injection of secondary air and therefore allowing purification of exhaust gas on the 
15 catalyst provided that the warm-up of the catalyst has progressed to a certain degree. 

[0066] Still further, because the injection of secondary air is stopped when 
the output of the internal combustion engine increases, the temperature of the catalyst 
is prevented from increasing sharply, thus enabling excessive heating of the catalyst 
to be curbed. 

20 [0067] While the invention has been described with reference to what are 

presently considered to be preferred embodiments thereof, it is to be understood that 
the invention is not limited to the disclosed embodiments or constructions. On the 
contrary, the invention is intended to cover various modifications and equivalent 
arrangements. In addition, while the various elements of the disclosed invention are 

25 shown in various combinations and configurations, which are exemplary, other 

combinations and configurations, including more, less or only a single element, are 
also within the spirit and scope of the invention. 



